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DESIGN  INFORMATION  ON  AM- 350  STAINLESS  STEEL 
FOR  AIRCRAFT  AND  MISSILES 


SUMMARY 


The  information  contained  in  Appendixes  A  and  B  to  this  report  was 
presented  at  the  Los  Angeles  meeting  of  the  Structures  Subcommittee 
(formerly  ANC-5  Panel)  of  the  Federal  Aircraft  Design  Criteria  Committee, 
November  15,  16,  and  17,  i960. 

Tentative  room-temperature  design-allowable  strengths  and  elevated- 
temperature  design  curves  for  short-time  ultimate  tensile  strength,  tensile 
yield  strength,  compressive  yield  strength,  ultimate  shear  strength,  bearing 
ultimate  strength,  and  bearing  yield  strength  are  presented.  These  curves 
are  based  on  a  number  of  published  and  unpublished  reports  and  papers. 

Data  are  summarized  in  Appendix  A  in  the  format  recommended  for  MIL- 
HDBK-5  (superseding  ANC-5),  Strength  of  Metal  Aircraft  Elements. 

Appendix  B  contains  summary  plots  of  substantiating  data  from  which 
design-allowable  strengths  were  derived. 
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GENERAL  COMMENTS 


AM-350  is  one  of  the  semiaustenitic  precipitation-hardenable  stain¬ 
less  steels.  In  the  annealed  condition  it  is  soft  and  ductile  and  has  many 
of  the  desirable  forming  characteristics  of- the  austenitic  stainless  steels. 
When  hardened,  it  is  strong  and  hard  like  the  martensitic  stainless  steels. 

The  primary  application  for  AM-350  is  for  parts  and  assemblies 
requiring  high  strength  and  oxidation  resistance  up  to  800  F.  It  is  available 
in  sheet,  strip,  foil,  welded  tubing,  billets,  bars,  forgings,  and  wire. 

The  AM-350  analysis  is  covered  by  the  AMS  and  MIL  specifications 
listed  on  page  A-3,  Appendix  A. 


MANUFACTURING  CONSIDERATIONS 


Heat  Treatment  and  Forming 


In  the  annealed  condition  AM-350  is  essentially  austenitic  (approxi¬ 
mately  5  to  15  per  cent  delta  ferrite)  and  has  forming  characteristics 
similar  to  the  AISI  300  series  stainless  steels.  However,  it  does  have  a 
higher  rate  of  strain  hardening.  Hardened  AM- 350  is  martensitic,  but  does 
retain  sufficient  ductility  to  permit  limited  forming  or  straightening 
operations. 

Condition  H  (see  Table  1)  is  the  most  suitable  for  forming  complex 
parts,  and  AM-350  is  normally  shipped  from  the  mill  in  this  condition. 

Cold  forming  with  Condition  H  material  will  cause  hardening  by  martensite 
formation  in  addition  to  strain  hardening  in  proportion  to  the  amount  of 
deformation.  Hardening  can  be  minimized  by  working  at  300  F  or  above. 

AM- 350  can  be  fully  hardened  from  Condition  H  by  the  double-aging 
(DA)  heat  treatment  which  is  accomplished  by  first  aging  at  about  1375  F  and 
then  at  about  850  F.  The  1375  F  age  precipitates  chromium  carbides  from 
the  austenitic  matrix  and  alters  the  composition  of  the  austenite  so  that  the 
austenite  transforms  to  martensite  on  cooling  to  room  temperature.  The 
second  age  at  850  F  tempers  the  martensite. 

Another  method  of  hardening  AM- 350  is  by  subzero  cooling  and  tem¬ 
pering  (SCT).  AM-350  in  Condition  H  responds  only  partially  to  the  subzero 
cooling  so  that  it  is  necessary  to  reanneal  to  Condition  L  (described  in  Table 
1)  before  subzero  cooling  and  tempering.  Sufficient  ductility  is  retained 
after- the  SCT  treatment  to  allow  limited  formina  operations.  For  example, 
AM-350  (SCT)  sheet  or  strip  can  be  bent  180  degrees  over  a  3T  pin. 
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The  designer  should  be  aware  that  a  dimensional  growth  of  about 
0.  004  to  0.  005  in.  /in.  occurs  when  AM-350  is  hardened. 

A  detailed  discussion  of  heat  treatment  and  the  interaction  of  fabri- 
'  eating  and  heat-treating  variables  is  presented  in  DMIC  Report  111,  "The 
Physical  Metallurgy  of  Precipitation- Hardenable  Stainless  Steels",  by 
-  Ludwig s on  and  Hall. 


TABLE  1.  CONDITIONS  AND  HEAT  TREATMENTS  OF  AM-350 


Condition 

Heat  Treatment 

Purpose 

H 

Solution  treated  at  1850  to  1975  F, 
air  cooled  or  water  quenched 

Formability 

L 

Solution  treated  at  1710  F  ±25,  air  cooled 
or  water  quenched 

Preparation 
for  hardening 

DA 

Condition  L  or  Condition  H,  plus  3  hours 
at  1375  F  ±25,  air  cooled  to  80  F  max.  , 
plus  3  hours  at  850  F  ±25,  air  cooled 

Hardening 

SCT 

Condition  L  plus  3  hours  at  -100  F  plus 

3  hours  at  850  to  1000  F,  air  cooled 

Hardening 

F  orging 


AM-350  is  readily  forged.  Forging  temperatures  above  2150  F  should 
be  avoided  because  of  the  free  ferrite  which  may  be  formed.  Free  ferrite 
will  decrease  heat-treating  response. 

Finishing  temperatures  should  be  in  the  range  of  1700  to  1800  F  to 
prevent  grain  coarsening  on  subsequent  solution  treatment  and  to  promote 
homogeneous  precipitation  of  carbides.  For  optimum  properties,  a  con¬ 
ditioning  treatment  after  forging  is  recommended. 


Welding 


AM-350  can  be  welded  by  all  of  the  conventional  methods  used  for  the 
chromium-nickel  stainless  steels.  As-welded  AM-350  can  be  hardened  by 
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the  DA  treatment  without  reannealing.  For  optimum  properties,  however, 
p'ostweld  reannealing  is  recommended. 

To  obtain  proper  response  to  the  SCT  treatment  after  welding,  the 
alloy  must  be  reannealed  at  1710  F  ±25  prior  to  hardening. 

For  a  detailed  discussion  on  the  welding  of  AM-350,  DMIC  Report  118, 
"Welding  of  High-Strength  Steels  for  Aircraft  and  Missile  Applications",  by 
Mishler,  Monroe,  and  Rieppel,  is  recommended. 


Machining 

AM-350  has  a  very  high  rate  of  work  hardening  as  well  as  a  tendency 
to  be  soft  and  gummy  in  the  annealed  condition.  For  best  machinability, 
AM-350  should  be  in  the  equalized  and  overtempered  condition.  This  con¬ 
dition  is  produced  by  heating  to  1425  F,  cooling  to  room  temperature,  and 
overtempering  at  1000  to  1100  F.  This  gives  a  hardness  of  approximately 
Rockwell  C35,  and  the  alloy  then  machines  like  low-alloy  steels  of  similar 
hardness.  Finishing  operations  may  be  performed  in  this  condition  if 
proper  allowances  are  made  for  growth  which  occurs  upon  reannealing  and 
hardening.  If  extreme  dimensional  accuracy  is  required,  finish  machining 
should  be  done  in  the  hardened  condition.  Machining  recommendations  as 
reported  by  Metcut  Research  Associates  are  presented  in  Table  2. 

Thermal  machining  of  AM-350  is  currently  under  development. 
Nelson,  Scott,  and  Gassner(19)  report  that  face-milling  tests  on  induction- 
heated  AM-350  (Bhn  380  or  about  Rockwell  C4l)  have  shown  tool  life  at 
1000  F  to  be  about  100  times  normal.  On  the  other  hand,  turning  tests  on 
AM-350  (Bhn  400)  at  various  temperatures  up  to  900  F  have  shown  only  a 
five -time  improvement  in  tool  life. 


Corrosion  Resistance 


AM-350  shows  good  corrosion-resisting  properties  in  ordinary  atmos¬ 
pheres  and  also  hi  a  number  of  chemical  environments.  However,  different 
corrosion  behavior  results  from  the  two  hardening  treatments,  SCT  and  DA. 
The  greater  precipitation  of  chromium  carbides  during  the  DA  treatment 
causes  some  susceptibility  to  intergranular  corrosion.  For  this  reason,  DA 
is  less  desirable  than  SCT  where  exposure  to  certain  severe  environments  is 
expected. 

A  literature  survey  and  limited  investigation  on  the  susceptibility  of 
AM-350  to  stress  corrosion  is  reported  in  WADD  Technical  Note  60-95, 
"Stress  Corrosion  of  Notched  and  Unnotched  AM-350  Alloy",  by  Ault.  Ault 
concluded  that  "stress-raisers  such  as  mechanically  induced  notches  do  not 
have  an  appreciable  effect  on  the  susceptibility  of  the  alloy  to  stress  cor¬ 
rosion  cracking.  Rather  the  more  important  factor  is  local  surface  defects 
or  inhomogeneities  in  the  material.  It  was  also  found  that  concentration 
cell  corrosion  may  be  an  important  consideration  for  AM-350." 


TABLE  2.  MACHINING  AM*350,  SOLUTION  TREATED  AND  AGED  TO  BHN  444' 
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APPENDIX  A 


PROPOSED  DESIGN-ALLOWABLE  STRENGTHS 
FOR  MIL-HDBK-5 


Presented  at  the  20th  meeting  af  the  ANC-5  Panel  on 
"Strength  of  Metal  Aircraft  Elements '%  held  in  Los 
Angeles,  November  15,  16,  and  17,  i960.  These  data, 
subject  to  approval  by  the  Panel,  will  constitute  a  re¬ 
vision  to  MIL-HDBK-5,  dated  March,  1959- 
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APPENDIX  A 

PROPOSED  DESIGN-ALLOWABLE  STRENGTHS 
FOR  MIL-HDBK-5 


Introduction 


Design-allowable  strengths  for  AM-350  stainless  steel  products  in 
various  conditions  have  been  proposed  for  amending  the  March,  1959,  issue 
of  MIL-HDBK-5,  Strength  of  Metal  Aircraft  Elements.  When  approved, 
these  data  will  provide  guidance  to  designers  concerned  with  airframe  and 
missile  structures. 

The  following  glossary  of  terms  is  supplied  for  those  readers  not 
familiar  with  MIL-HDBK-5: 


F{u  —  Guaranteed  minimum  room-temperature  ultimate  tensile 
strength 

UTS  —  Typical  or  average  ultimate  tensile  strength 

Fty  —  Guaranteed  minimum  room-temperature  yield  strength 
at  0.  2%  offset 


TYS  —  Typical  or  average  tensile  yield  strength 

FCy  —  Minimum  yield  strength  in  compression  at  0.2%  offset 

CYS  —  Typical  or  average  compressive  yield  strength 

Fau  —  Minimum  ultimate  shear  strength  (may  be  pin  shear,  punch 
shear,  or  panel  shear;  refer  to  MIL-HDBK-5) 

USS  —  Typical  or  average  ultimate  shear  strength 

Fbru“”  Minimum  ultimate  strength  in  bearing  at  a  specified  e/D  ratio 

UBS  —  Typical  or  average  ultimate  bearing  strength 

Fjjry  —  Minimum  yield  strength  in  bearing  at  a  specified  e/D  ratio 
and  a  specified  hole  elongation  value 

BYS  —  Typical  or  average  bearing  yield  strength 

L  --  Longitudinal 
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T  —  Transverse 

e/D  —  Ratio  of  edge  distance  to  diameter  of  pin  or  fastener  hole 
used  to  determine  bearing  strength 

e,  —  Per  cent  elongation  in  uniaxial  tension,  usually  In  2  inches 

&  —  Modulus  of  elasticity  in  tension 

Ec  —  Modulus  of  elasticity  in  compression 

G  —  Modulus  of  rigidity 

—  Density 

C  —  Specific  heat 

K  —  Thermal  conductivity 

a  ~  Coefficient  of  thermal  expansion,  mean. 

Additional  definitions  and  nomenclature  and  derived  relationships  will 
be  found  in  MIL-HDBK-5. 
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ITEM  60-14.  ATTACHMENT  TO  THE  MINUTES  OF 
THE  ANC-5  PANEL  MEETING 


Subject:  Tentative  Design  Data  on  AM-350  Stainless  Steel 


2.  2.  4  AM-350  Stainless  Steel 


2.  2.  4.  0  Specifications,  Comments,  and 
Room-Temperature  Properties 


Specifications.  Material  specifications  for  AM-350  stainless  steel 
are  presented  in  Table  2.2.4.  0(a). 


TABLE  2.  2.  4.  0(a).  MATERIAL  SPECIFICATIONS  FOR 

AM-350  STAINLESS  STEEL 


Alloy  and  Condition 

Specification 

Type  of  Product 

AM-350  ! 

MIL-S-8840 

Sheet  and  strip 

AM-350 

AMS  5554 

Tubing,  seamless 

AM-350  (equalized  and 

AMS  5745 

Bars,  forgings,  and 

overtempered) 

forging  stock 

Comments.  The  primary  application  of  AM- 350  is  for  parts  requiring 
high  strength' arid  oxidation  resistance  up  to  800  F.  AM-350  is  readily 
forged,  welded,  and  brazed.  The  designer  should  be  aware  that  after  a 
forming  operation,  it  is  usually  necessary  to  reanneal  AM- 350  before  the 
alloy  can  be  hardened  and  also  that  a  dimensional  growth  of  approximately 
0.004  to  0.005  in. /in.  occurs  during  the  hardening  treatment.  AM- 350  can 
be  hardened  by  subzero  cooling  and  tempering  (Condition  SCT)  or  by  double 
aging  (Condition  DA).  The  properties  in  the  SCT  condition  are  higher  than 
those  reported  for  the  DA  condition,  but  if  the  SCT  method  of  hardening  is 
selected  it  is  necessary  to  precede  it  with  a  1710  F  annealing  treatment  in 
cases  where  the  material  was  previously  annealed  at  1850  to  1975  F  (Con¬ 
dition  H  as  supplied  by  the  mill). 

Room -Temperature  Properties.  The  room-temperature  properties  of 
AM -350  in  tte  Double-aged  (DA)  and  in  the  subzero  cooled  and  tempered 
(SCT)  conditions  are  shown  in  Table  2.2.4.  0(b).  The  ultimate  tensile 
strength,  tensile  yield  strength,  and  elongation  values  are  taken  from  the 
material  specifications.  Other  properties  are  derived  from  test  data. 
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The  eleviated-temperature  properties  of  AM-350  are  presented  in  the 
following  sections: 

.  Section  .  Material  Condition 


2.2.4.  1 


DA 


2.  2.4.2 


SCT 


TABLE  2.  2.  4.  0(b)  DESIGN  MECHANICAL  AND  PHYSICAL  PROPERTIES 

OF  AM-350  STAINLESS  STEEL 


Alloy- 


Condition 


Mechanical  Properties 
Ftu>  ksi 

v ksi 

Fcy>  ksi 
FguJ  ksi 

Fbru,  ksi 

(e/D  *  1.5) 
(e/D  «  2.  0) 

Fbry>  ksi 

(e/D  s  1,5) 

(e/D  *  2.  0) 

e,  per  cent 

E,  106  psi 

Ec,  106  psi 

G,  10^  psi 


Physical  Properties 
w,  lb/in.  ^ 

C,  Bty/(Ib)(F) 


AM-350 


Sheet,  strip,  bars,  Sheet,  strip,  bars, 

forgings,  and  seamless  and  forgings 

tubine 


Minimum  specification  values  and  typical 
values  adjusted  to  minimum 


Condition  H  0.  286 
Condition  SCT  0.282 
0. 12  (32  to  212  F) 


K,  Btn/Khr)(ft2)(F)/ftl 


8.4  (at  100  F);  11.  7  (at  800  F) 


a,  10  in. /in. /F 


6.  3(70  to  212  F);  7.  2(70  to  932  F) 


(a)  Per  cant  in  2  inches  foi  sheet,  strip,  and  tubing;  pet  cent  in  40  for  bars  and  forgings. 
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2.  2. 4.  1  Double-Aged  Condition  (DA) 


The  double-aged  condition  is  developed  in  AM-350  by  starting  with 
the  solution-treated  condition  (either  Condition  L  or  Condition  H),  aging  at 
1375  F  for  3  hours,  air  cooling  to  room  temperature,  and  then  a  second 
aging  at  ft50  F  for  3  hours  and  air  cooling  to  room  temperature. 

Elevated-temperature  data  for  the  double-aged  material  are  presented 
in.  Figures  2.  2.  4.  1 .  1(a)  through  2.  2.  4.  1.  6(b).  . 


Per  Cent  Fty  at  Room  Temperature  Per  Cent  Ftu  at  Room  Temperature 
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Figure  2.2.1.1.1(a).  Effeot  of  temperature  cm  the  ultimate 

tensile  strength  (P-fcu)  °f  AM-350 
stainless  steel  (doable-aged). 


Temperature,  F 


Figure  2.2.4.1.1(b).  Effect  of  temperature  on  the  tenslla 

yield  strength  (Fty)  of  AM-350 
stainless  steel  (double-a»fed). 
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figure  2.2.4.1.2(a) .  Effect  of  temperature  on  the  compressive 

yield  strength  (Foy)  or  AM-350  stainloss 
steel  (double-aged). 


Per  Cent  C  and  Ec  at  Room  T< 
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Temperature,  F 

Figure  2, 2. 4.1*4.  Effect  of  temperature  on  the  tensile  and 

oompreasive  modulus  (B  end  Bc)  of  AM-350 
stainless  steel  (double^aged). 
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6.  2. 4. 2  Subsero-Cooled  and  Tempered  Condition  (SCT) 


The  SCT  condition  is  developed  in  AM-350  by  starting  with  &  solution 
treatment  at  1710  F  (Condition  L)  and  then  subcritically  transforming  at 
-100  F  followed  by  aging  at  850  to  1000  F. 

Elevated-temperature  data  for  the  SCT  material  are  presented  in 
Figures  2. 2.4. 2. 1(a)  through  2. 2. 4. 2. 6(b). 


Ffy  at  Room  Temperature  Per  Cent  Fju  at  Room  Temperature 
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Figure  2.2.4.2.1(a),  Effect  of  temperature  on  the  ultimate 

tensile  strength  (Ftu)  of  Alt-350 
stainless  steel  (SCT). 


Temperature,  F 

Figure  2.2.4.2.1(b).  Effect  of  temperature  on  the  tensile 

yield  strength  (F+~)  of  AM-350 
stainless  steel  (Sot). 
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Figure  2.2.4.2.2(a).  Effect  of  temperature  on  the  compressive 

yield  strength  (Fm)  of  AM-350  stainless 
steel  (SCT), 


100 


'0  200  400  600  800  1000  1200  1400  1600 

Temperature,  F 

figure  2.2.4.2.2(b).  Effect  of  temperature  on  the  ultimate 

shear  strength  (Fgu)  of  AM-350  stainless, 
steel  (SCT ) . 
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Temperature,  F 


Figure  2. 2.4. 2.3(a).  Effect  of  temperature  on  the  ultimate 

bearing  strength  (Fhru)  of  AM-350 
stalnlesa  steel  (SCI)/ 


Figure  2,2,4.2,3(b) .  Effect  of  temperature  on  the  bearing 

yield  strength  ( Fb_)  of  AM-350 
stainless  steel  (set) . 


Per  Cent  E  and  Ec  at  Room  T< 
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Temperature,  F 


figure  2, 2.4. 2.4*  Effect  of  temperature  on  the  tensile  and 

compressive  modulus  (E  and  Ec  )  of  Alt-350 
stainless  steel  (SCI). 


Stress,  1000 
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Strain,  0.001  in. /in. 

Figure  2.2,A.2,6( a),  typical  tensile  stress-strain  curves  for 

AM-350  stainless  steel  (SCT)  at  room  and 
elevated  temperatures. 


Stress,  1000 
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Strain,  0,001  ia/in. 

Figure  2.2.4.2.6(b),  Typical  compressive  stress-strain  curves 

for  AM>350  stainless  steel  (SCT)  at  room 
and  elevated  temperatures. 
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APPENDIX  B 


SUPPORTING  DATA  FOR 
ROOM-TEMPERATURE  ALLOWABLES  AND 
ELEVATED-TEMPERATURE  DESIGN  CURVES 


.  B-l 


SUPPORTING  DATA  FOR 

ROOM-TBMfrriRATURE  mB£hANI<5aL- PROPERTY 
'  design  AlloVabL^s  Akiojfl  (D A) 


Source 

AMS  Ptu  «  165  ksl 

Fty  m  135  ksi 


Compressive  Yield 


NAGA  TN  4074,  CYS  *164  ksl  leverage  of  L  and  T  tests) 
4075 

UTS  ■  182  ksl 


Ftu  *165  ksi  {guaranteed  minimum) 
Tcy  a££f-  x  F*,t  «i§l  x  165  a  149  ksi 


UTS 


tu 


182 


Ratio  of  — ^  a  0.  90 

Ftu  165 


Allegheny  Ludlum  CYS  *=  174.5  ksl 

UTS  *  195.5  ksi 


Ftu  *  165.0  ksi  (guaranteed  minimum) 

F 

U 

Ratio  of  E£y  =  ill  *  0.  894 


CYS  „  174.5 

ey  "  UTS  *  Ftu  B  195.  5  36  165  °  147  ^si 


tu 


165 


Att.  60-14 


Ratio  of  £cy  =  JLi£  a  0.  897 


tu 


165 


Ultimate  Shear 


Allegheny  Lsidlum  USS  a  122.2  ksi  (average  of  4  tests) 


UTS  »  179.  1  ksi 


WADC  TR  58-672 


Allegheny  Ludlum 


Att.  60-14 


WADC  TR  58-672 


B-4 


BYS  *  197.2  ksi 

UTS  *  159.  9  ksi  (does  not  meet  spec. } 


r  m  165' ksi  (guaranteed  minimum) 

F  si!Zl£  *  165  -  2B3  kel 

Fbry  UTS  tu  159.9 

Ratio  of =1-23 
Ftu 


u  is  s  i  /y.  i  ksi 


Ftu  =165  ksi  (guaranteed  minimum) 

F  a®ISxF  i65  «  198ksi 

bry  UTS  tu  179.  i 

Ratio  of  Fbry  B  j98  p  u2Q 


tu 


165 


Ratio  of  _J?ry  =  *  1.  20 

f:  165 


tu 


Bearing  Yield  (e/P  =  2.  0) 


BYS  =  252.  0  ksi  (average  of  L  and  T  tests) 
UTS  a  179.  7  ksi  (average  of  L  and  T  tests) 


Ftu  =  165  ksi  (guaranteed  minimum) 


BYS 

UTS 


x  F 


tu 


252.  0 
179.7 


x  1 65 


231  ksi 


Ratio  of 


„  231 
165 


1.40 


WADC  TR  58-672 


BYS  =  222.  7  ksi  (average  of  L  and  T  tests) 
UTS  a  159.  9  ksi  (does  not  meet  spec.  ) 


1 65  ksi  (guaranteed  minimum) 


Att.  60-14 


„  BVS  _  222.7 

F  3S  — — —  X  Fi  ®  ■  ■■■■ 

bry  urs  tu  159*9 


x  165  *230  kct 


Ratio  of  Ell? 


P 


tu 


112  ■  1.395 
165 


Ratio  of 

F 

tu 


_  230 
165 


1.395 


SUPPORTING  DATA  FOR 

ROOM-TEMPERATURE  MECHANICAL-PROPERTY 
DESIGN  ALLOWABLES  F6R  AM-350  (SGT) 


Source 


AMS 


Fm  h  1  85  ksi 
Fty  =  150  ksi 

Compressive  Yield 


Allegheny  Ludlum 


NAA,  MPDS 


CYS  =  193.  6  ksi  (average  of  3  heats) 

UTS  =  208.4  ksi  (average  of  3  heats) 

Ftu  *185  ksi  (guaranteed  minimum) 

CYS  193.6 

Fcy  *OTSxrta  “^4*  185  =  171. 5  ksi 


Fcy 

_  171. 5 

F«u 

185 

Fcy 

,  164  _ 
=  185 

Ftu 

,  Fcy 

,  170 

Ftu 

*  185 

Att.  60-14 


Allegheny  Ludlum 


NAA 

(BTL  30468) 


Att.  60-14 


YTADC  TR  58-672 


B-6 

Ultimate  Shear 


USS  a  137.  7  ksi 
UTS  s  208.  3  ksi 

F  a  185  kst  (guaranteed  minimum.) 
tu 


USS 

Fsu  "  UTS  *  Ftu 


137.  7 
208.  3 


x  1 85  »  122  ksi 


F 

R  atio  of  su 


tu 


_  1Z2 
~  185 


0.  66 


USS  =  140  ksi 
UTS  a  210  ksi 


Ftu  =  *85  ksi  (guaranteed  minimum) 


USS 

Fsu  =  UTS  *  Ftu 


—  x  185  a  123.5  ksi 
210 


F 

Ratio  of 


„  123.5 
185 


0.  67 


Ratio  of 


123 

185 


0.665 


Ultimate  Bearing  (e/D  a  1.5) 


BUS  a  304.  7. ksi  (average  of  L  and  T  tests,  2  heats) 

UTS  a  193.  4  ksi  (average  of  I*  and  T  tests,  2  heats) 

Ftu  a  185  ksi  (guaranteed  minimum) 

BUS  304.  7 

Fbru  =  UTS  x  Ftu  =  193.4  x  185  =  292  ksi 

Ratio  of  77*-  *  a  1 . 58 
Ftu  185 


Allegheny  Ludlum 


BUS  a  348.  9  ksi 


B-7 


B-8 


WADC  TR  58-672 


Allegheny  Ludlum 


Att.  60-14 


WADC  TR  58-672 


Bearing  Yield  (e/D  »  1.  5) 


BYS  =  237.  2  ksi  (average  of  L  and  T  tests,  2  heats) 
UTS  =  193.4  ksi  (average  of  L  and  T  tests,  2  heats) 


Ft  *  185  ksi  (guaranteed  minimum) 

BYS  „  237.2  , 

Fbry  =  UTS  X  Ftu  *  193.  4  *  185  »  227  ksi 

Ratio  of  I^ry  »—  *  1.23 


tu 


185 


BYS  =  272.  0  ksi 


UTS  =  208.5  ksi 


F  =  185  ksi  (guaranteed  minimum) 


BYS  272 

F,  =  rT_Q  x  F  =  c  x  185  a  241  ksi 
bry  UTS  tu  208. 5 

Ratio  of  F\n,  =1.30 


tu 


185 


Ratio  Qf  Fbry  c  230  =  L .  24 


tu 


185 


Bearing  Yield  (e/D  =  2.  0) 


BYS  *  227.  6  ksi  (average  of  L  and  T  tests,  2  heats) 

UTS  =  193.4  ksi  (average  of  L  and  T  tests,  2  heats) 

F  =185  ksi  (guaranteed  minimum) 
tu 

BYS  277.6 

Fhry  =  UTS  x  **ttt  *  19374  X  185  *  ks* 

Fbry  265 

Ratio  of  jF  =  Ygg  =  1.  43 


NAA 

(BTL  30468) 


BYS  -  290  ksi 


B-9 


NAA  (MPDS) 

Att.  60-14 


UTS  =  210  ksi 


Ft  =185  ksi  (guaranteed  minimum) 


F 

bry 


BYS 
■■■■  x  F 
UTS  tu 


290 
"  210 


x  185 


256  ksi 


R  atio  of  — — 

_  256 

F. 

'  *  185 

tu 

Ratio  of  Fbry 

.  256 

F 

185 

tu 

Ratio  of  br^ 

_  260 

F 

"  185 

tu 


=  1.  38 

=  1.  38 

=  1.40 
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FIGURE  I.  EFFECT  OF  TEMPERATURE  ON  THE  ULTIMATE  TENSILE  STRENGTH  (F^) 
OF  AM- 350  STAINLESS  STEEL  (DOUBLE  AGED) 
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FIGURE* 2.  EFFECT  OF  TEMPERATURE  ON  THE  TENSILE  YIELD  STRENGTH  (Fty) 
OF  AM-350  STAINLESS  STEEL  (DOUBLE  AGED) 
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FIGURE  3.  EFFECT  OF  TEMPERATURE  ON  THE  COMPRESSIVE  YIELD  STRENGTH  (F, 
OF  AM- 350  STAINLESS  STEEL  (DOUBLE  AGED) 
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FIGURE  4.  EFFECT  OF  TEMPERATURE  ON  THE  TENSILE  AND  COMPRESSIVE  MODULUS 
(E  AND  Ec)  OF  AM- 350  STAINLESS  STEEL  (DOUBLE  AGED) 
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FIGURE  5.  EFFECT  OF  TEMPERATURE  ON  THE  ULTIMATE  TENSILE  STRENGTH  (F^ 
OF  AM- 350  STAINLESS  STEEL  (SCT) 
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FIGURE  6.  EFFECT  OF  TEMPERATURE  ON  THE  TENSILE  YIELD  STRENGTH  (F, 
OF  AM- 350  STAINLESS  STEEL  (SCT) 


FIGURE  7.  EFFECT  OF  TEMPERATURE  ON  THE  COMPRESSIVE  YIELD  STRENGTH  (F, 
OF  AM- 350  STAINLESS  STEEL  (SCT) 
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FIGURE  8.  EFFECT  OF  TEMPERATURE  ON  THE  ULTIMATE  SHEAR  STRENGTH  (Fsu) 
OF  AM- 350  STAINLESS  STEEL  (SCT) 


FIGURE  9.  EFFECT  OF  TEMPERATURE  ON  THE  ULTIMATE  BEARING  STRENGTH  (Fbru) 
OF  AM- 350  STAINLESS  STEEL  (SCT) 
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FIGURE  11.  EFFECT  OF  TEMPERATURE  ON  THE  TENSILE  AND  COMPRESSIVE  MODULUS 
(E  AND  Ec)  OF  AM- 350  STAINLESS  STEEL  (SCT) 
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127  Physical  and  Mechanical  Properties  of  Tungsten  and  Tungsten-Base  Alloys,  March  16,  1960  (PB  161084  61.76) 
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